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TRANSFER FUNCTION SYNTHESIS AS A 
RATIO OF TWO COMPLEX POLYNOMIALS 

by 

C. K. Sanathanan and Judith Koerner 

ABSTRACT 

Experimental data for frequency response obtained 
from a linear dynamic system is processed to obtain the 
t ransfer function as a ratio of two frequency-dependent 
polynomials. The difference between the absolute magni
tudes of the actual function and the polynomial ratio is the 
e r r o r considered. The polynomial coefficients are evaluated 
as the resul t of minimizing the sum of the squares of the 
above e r r o r s at the experimental points. The magnitude and 
phase angle of the transfer function are evaluated at various 
frequencies by means of the computed polynomial ratio and 
are compared with the observed data. 

The numerical solution of this problem was obtained 
by using an IBM 704 FORTRAN program. 

The method presented here gives an analytic de
scription of the complex transfer function superior to that 
given by minimization of the "^veighted" sum of the squares 
of the e r r o r s in magnitude. 

This method is applicable to both minimum and non-
minimum phase sys tems. 

I. INTRODUCTION 

It is often desirable to express the transfer function G(s) of a 
l inear dynamic system as a ratio of two frequency-dependent polynomials, 
namely, 

G( j a . )*~P°^P '^^" ' ' " - ^^"^ 
1 + q,(jCD) + qjOo))^ + . 

P(ja^) 
Q(j"^) (1) 

•Setting q = 1, does not res t r i c t the problem in any way. 



S e v e r a l m e t h o d s i ^ - ^ ) have been d e v i s e d in the p a s t to fit the e x p e r 
i m e n t a l d a t a wi th a funct ion such a s the a b o v e . In the fol lowing, one such 
m e t h o d i s p r e s e n t e d b r i e f l y along wi th i t s d e f i c i e n c i e s . A p r o c e d u r e i s 
s u g g e s t e d to e l i m i n a t e the d e f i c i e n c i e s . 

The e r r o r at f r equency ( ^ is g iven by 

^ , . , P(ja>k) (2) 
e i , = G{jaji,) - TTT—r • 

The p r o b l e m b e c o m e s qui te difficult to so lve when the coe f f i c i en t s 
p , p , p^, . . . , q , q , . • • a r e eva lua t ed a s a r e s u l t of s i m p l y m i n i m i z i n g 
the s u m ^ f le^l^ I t a l l the e x p e r i m e n t a l p o i n t s . If Eq . (2) i s m u l t i p l i e d by 
Q(jCDk), the weight ing function, the weighted e r r o r at point k i s 

^ k = ekQ(J"^k) = G(ja)k)Q(jWk) - P(J'-"k) > ^^) 

and the sum of | ek |^ for al l the e x p e r i m e n t a l f r e q u e n c i e s i s 

E(p„,p,,p, q,q,.q3. • • • ) = ! : | 4 l' = I N ' |Qkl' • (4) 
k=i k=l 

The sum E is p a r t i a l l y d i f fe ren t i a ted with r e s p e c t to each p o l y n o m i a l c o 
efficient and equa ted to z e r o . The r e s u l t i n g se t of l i n e a r s i m u l t a n e o u s a l g e 
b r a i c equa t ions a r e a r r a n g e d in the m a t r i x equa t ion f o r m 

[A][X] = [B] (5) 

and solved to obtain the po lynomia l coef f ic ien ts c h a r a c t e r i z e d by the 
"weighted" m i n i m u m m e a n - s q u a r e - e r r o r c r i t e r i o n . 

The above has the following de f ic iency : 

The weight ing function |Q(jtDk)i rnay v a r y c o n s i d e r a b l y a s CDk is i n 
c r e a s e d through s e v e r a l d e c a d e s , and at h ighe r f r e q u e n c i e s m a y a t t a i n va lues 
c o n s i d e r a b l y h igher than those at l ower f r e q u e n c i e s . B e c a u s e of the heavy 
weighting of the e r r o r s at the h ighe r f r e q u e n c i e s , t h e r e i s a g e n e r a l t e n 
dency for the con t r ibu t ions of the lower f r e q u e n c i e s to E to b e c o m e inef fec
t i v e . T h e r e f o r e , th i s method m a y be e x p e c t e d to give a poor fit at l ower 
f r e q u e n c i e s , which it ac tua l ly d o e s . 

It is sugges t ed that the above de f i c i ency m a y be o v e r c o m e by e l i m i 
nat ing the weight ing by an i t e r a t i v e p r o c e d u r e . 

Equa t ion (3) i s modif ied such tha t 

£" = ^^k)L ^ '^kQ(jtOk)L ^ G(ja3k)Q(jcuk)L P(j<J3k)L 
^ ~ Q{ja)k)L.i " QOcok)^ . ! ~ Q{J"^k)L_i " Q(i i^k)L. i 

.(6) 



w h e r e t he s u b s c r i p t L c o r r e s p o n d s to the i t e r a t i o n n u m b e r . As Q(jcUk) ^^ 
not known to b e g i n wi th , it i s se t equa l to 1. The s u b s e q u e n t i t e r a t i o n s 
c o n v e r g e r a p i d l y and e^ t e n d s to be equa l to e-j^, and the we igh t ing c e a s e s 

to e x i s t . 

II . ANALYSIS* 

F r o m E q . (6), 

|G(jcUk) Q(jCDj^)j^-P(juii,)L| / |Q(J"^k)L-l 'k (7) 

Subs t i t u t i ng W, , = 1 / |Q( j '^k)L-1 I ^" ^'^' ^^^' s u m m i n g for a l l k ' s , 
and c a l l i n g the r e s u l t E ' , t h e r e i s ob ta ined 

k = i 
z 

k=i 

W k L (8) 

w h e r e Gĵ . i s a funct ion of p^, p , p , . . . , q j , q , q , . . . The s u m E ' i s now 
p a r t i a l l y d i f f e r e n t i a t e d wi th r e s p e c t to e a c h of the p o l y n o m i a l coe f f i c i en t s 
and e q u a t e d to z e r o to eva lua t e the c o e f f i c i e n t s . T h i s y i e l d s the fol lowing 
m a t r i x equa t ion : 
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^ ( 9 ) 

• S i n c e t he a n a l y s i s g iven h e r e i s qu i te br ie f , t he r e a d e r m a y find i t 
- 1 - r . . 1 Levy^ 



where 

I (̂ k)' V/ k L 
k=i 

Si = Z ("^k)'RkWkL 
k=i 

Ti = I ("^k)'lkWkL 

(10) 

(11) 

(12) 

k=i 

U, = i (o^k)'(RL+ Ik)WkL • (^^' 
k=i 

Here, Rĵ  and Iĵ  are the real and imaginary par ts of the t ransfer function 
at CDk obtained experimentally. 

The coefficients qj, q2, qj, . . . evaluated at i teration L - 1 are used 
to evaluate W^ for the next i teration. 

III. EXAMPLE 

The experimentally measured data for the transfer function of EBV/R 
(Experimental Boiling Water Reactor) operated at a thermal power of 40 Mw 
and a p ressure of 600 psi are fitted with the transfer functions obtained by 
the least mean-square -e r ro r cri terion as well as the "weighted" least mean-
square -e r ro r cr i ter ion. 

As the reactor transfer function is believed to have an excess pole 
over the number of zeros, the numerator polynomial is made to be of one 
degree less than the denominator polynomial. In this example, the numer
ator polynomial is chosen to be of degree 6. 

The experimental data consist cf the magnitude and the phase angle 
of the transfer function at 24 frequencies ranging between 0.03 and 40 radians 
per second. The polynomial coefficients for the "weighted" minimum mean-
square e r ro r are obtained at the end of the first i teration of Eq. (9), and 
those for the least mean-square e r ro r a re obtained at the end of the tenth 
iteration. In general, the number of i terations depends largely upon the 
nature of the transfer function and the desired accuracy in the values of 
the coefficients. The magnitude and the phase angle of the t ransfer function 
are also computed at the experimental frequencies from the polynomial 
coefficients. 



The resul ts are shown in F igs . 1 and 2 and in Table I . It is to 
i l lustrate the insufficiency of the "weighted" minimum mean- squa re -e r ro r 
cr i ter ion clearly that the authors have chosen the synthesis of a fairly 
large t ransfer function such as that of a nuclear reac tor . 
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Table I 

POLYNOMIAL COEFFICIENTS 

Evaluated by the 
Weighted E r r o r Cri terion 

(Iteration 1) 

10-1 9.2894 

1.7123 

1.1254 

1.0363 

1.6044 

8.8747 

4.7145 

1.0000 

2.1108 

8.7539 

5.6295 

1.0042 

1.1678 

2.5212 

2.2947 

10-' 

10-1 

10-^ 

10-2 

10- ' 

10- ' 

10- ' 

10-2 

10-2 

10-2 

10-5 

10"' 

10"^ 

Evaluated by the Minimum 
Mean-square -e r ro r Cri ter ion 

(Iteration 10) 

1.2768 

1.2803 

7.8233 

7.9181 

8.0884 

2.8947 

2.0136 

1.0000 

2.5314 

4.2697 

5.4644 

4.5364 

1.9840 

1.1446 

1.0519 

10"' 

10-2 

10-^ 

10-* 

10 - 5 

10- ' 

10-2 

10-2 

10-* 

10-5 

10--' 

Note: Running time on the IBM 704 for the above problem was approx
imately one minute. 

IV. DISCUSSION 

In the example cited above, |Q(JCD)| ^ varied from 1.0 to 6.25 x 10 
through the frequency range. 

The present method is not applicable to functions that have poles at 
the origin. However, the experimental data may be modified to have them 
fitted with a function that does not have poles at the origin, and, then, the 
required number of poles at the origin may be introduced to this function. 
This procedure is clearly i l lustrated by Levy.(2) 
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Suitable scaling of Eq. (9) was necessary for successful computation 
namely, Eq. (9) was solved by writing 

10-« [A][X] = 10-«[B] 

The reciprocal of the geometric mean between the first and the last matr ix 
elements is a reasonable scale factor. The expression for G(jCJJ) obtained 
after the first i teration corresponds to the minimization of the sum of the 
squares of the weighted e r r o r s , since Wki is initially set equal to unity for 
all k ' s . 

Table I shows that the polynomial coefficients are altered consider
ably in the subsequent i terat ions. 

V. THE COMPUTER PROGRAM 

An IBM 704 FORTRAN program, TRAFICORPORATION, was devel
oped for the numerical solution of this problem. This program is given in 
its complete form in the following discussion. 

A. Description of the Programming of the Computing Procedure 

Symbols 
Used 

ALPA Absolute value of the ratio between the imaginary and the real 
part of the numerator . 

ALTERl Absolute value of the calculated magnitude of the t ransfer func
tion in decibels. 

ALTER2 Absolute value of the calculated phase of the t ransfer function 

in degrees . 

AMDA X 

BETA Absolute value of the ratio between the imaginary and the real 

par t s of the denominator. 

CDBM Calculated magnitude of the t ransfer function in decibels. 

CEM Calculated magnitude of the transfer function. 

CONVl Convergence cr i ter ion for the magnitude. 

| | E R M A G 1 | - | E R M A G 2 | | S C O N V I 

CONV2 Convergence cr i ter ion for the phase. 

| | E R F A Z l | - | I E R F A Z 2 | | S CONV2 

CPH Calculated phase of the t ransfer function in degrees . 
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Symbols 
Used 

C P H R 

CURNER 

DBM 

E M 

E R F A Z l 

E R F A Z 2 

E R M A G 

E R M A G l 

ERMAG2 

E R O R M 

E R O R P 

E R P A S E 

IDNO 

L 

M A X P T l 

MAXPT2 

M A X P T 3 

MAXPT4 

N 

NOLAMD 

Ca lcu l a t ed p h a s e of the t r a n s f e r funct ion in r a d i a n s . 

If the e r r o r in m a g n i t u d e e x c e e d s the va lue (CURNER • A L 
T E R l ) at a g iven po in t , the c a l c u l a t e d va lue of the m a g n i t u d e 
i s s u b s t i t u t e d for the e x p e r i m e n t a l m a g n i t u d e . 

E x p e r i m e n t a l m a g n i t u d e in d e c i b e l s . 

E x p e r i m e n t a l m a g n i t u d e . 

M a x i m u m e r r o r in the p h a s e for i t e r a t i o n L - 1. 

M a x i m u m e r r o r in the p h a s e for i t e r a t i o n L. 

Same a s ERMAG2. 

M a x i m u m e r r o r in m a g n i t u d e for i t e r a t i o n L - 1. 

M a x i m u m e r r o r in m a g n i t u d e for i t e r a t i o n L. 

Absolu te va lue of the d i f f e r ence b e t w e e n the e x p e r i m e n t a l and 
c a l c u l a t e d m a g n i t u d e s in d e c i b e l s . 

Absolu te va lue of the d i f f e rence b e t w e e n the e x p e r i m e n t a l 
and c a l c u l a t e d p h a s e s in d e g r e e s . 

Same as E R F A Z 2 . 

Ident i f ica t ion n u m b e r of the p r o b l e m . 

The c u r r e n t i t e r a t i o n n u m b e r 

Po in t at which the m a x i m u m e r r o r in m a g n i t u d e h a s o c c u r r e d 
in i t e r a t i o n L - 1. 

Po in t at which the m a x i m u m e r r o r in m a g n i t u d e h a s o c c u r r e d 
for i t e r a t i o n L, 

Poin t at which the m a x i m u m e r r o r in p h a s e h a s o c c u r r e d in 
i t e r a t i o n L - 1. 

Po in t at which the m a x i m u m e r r o r in p h a s e h a s o c c u r r e d in 
i t e r a t i o n L. 

The d e g r e e of the d e n o m i n a t o r . 

N u m b e r of l a m b d a s in the m a t r i x . 
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Symbols 
Used 

NOMEGA 

OMEGA 

PABS 

PABSl 

PABS2 

PABSQ 

PH 

PRE 

QABS 

QABSl 

QABS2 

QABSQ 

R 

SCALE 

THETAl 

THETA2 

UR 

W 

WALT 

WX 

Number of experimental points. 

CD 

Magnitude of the numerator . 

Real part of the numerator . 

Imaginary part of the numerator . 

Square of the magnitude of the numerator . 

Experimental phase in radians. 

Experimental phase in degrees . 

Magnitude of the denominator. 

Real part of the denominator. 

Imaginary part of the denominator. 

Square of the magnitude of the denominator. 

Real part of the experimental transfer function. 

Scale factor, used to decrease the size of the matr ix 
e lements . 

tan" ' (ALPA). 

tan" ' (BETA). 

Imaginary part of the experimental t ransfer function. 

Reciprocal of the square of the magnitude of the denominator. 

If the e r r o r in phase exceeds the value (WALT • ALTER2) at 
a given point, the calculated value of the phase is substituted 
for the experimental phase. 

Initial value of W. 

B. The Computing Procedure 

Initially, the required Vs, S's, T's and U's are computed and sub
stituted in the mat r ices [A] and [B]. The matr ix- invers ion subroutine. 
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ANF 402 ,* is u s e d to so lve the m a t r i x equa t ion [A] [X 
po lynomia l coeff ic ients p^ ,̂ p j , . . . , Pj .^ .! . and q^, q^, . . . , ^ j ^ . ^,.^^^, ^^ 
is se t equa l to 1. The m a g n i t u d e , the p h a s e ang le , and the e r r o r s of the 
t r a n s f e r function a r e c o m p u t e d at e a c h e x p e r i m e n t a l point a s fo l l ows : 

[B] to ob t a in the 
, qj^. H e r e , q„ 

1. Magni tude of the t r a n s f e r funct ion 

2. P h a s e of the t r a n s f e r funct ion - t a n -

(PABS1)2 + (PABS2) 
(QABS1)2 + (QABS2)2 

P A B S 2 \ 
P A B S l / 

^ . I / Q A B S 2 \ 

3. The e r r o r s a r e c o m p u t e d a s the a b s o l u t e d i f f e r e n c e b e t w e e n the 
e x p e r i m e n t a l and c a l c u l a t e d va lue s of the m a g n i t u d e and p h a s e of the t r a n s 
fer funct ion. The m a x i m u m e r r o r s in m a g n i t u d e and p h a s e a r e l o c a t e d . 

W = 
1 

(QABS1)2 + (QABS2)' 
i s u s e d for the next i t e r a t i o n . If, 

at t h i s t i m e , the c o n v e r g e n c e c r i t e r i a a r e m e t , the i t e r a t i v e p r o c e d u r e is 
ended and the output is ob ta ined ; if not , the m a t r i x e l e m e n t s a r e r e c o m p u t e d 
and the above p r o c e d u r e is r e p e a t e d . 

Sui table sca l ing m a y be n e c e s s a r y for the s u c c e s s f u l so lu t i on of the 
m a t r i x equa t ion . The r e c i p r o c a l of t he g e o m e t r i c m e a n b e t w e e n t h e f i r s t 
and the l a s t m a t r i x e l e m e n t s i s a r e a s o n a b l e va lue for S C A L E . 

C. Input In fo rma t ion 

C a r d Set 
N u m b e r 

IDNO, NOMEGA, N, CURNER, WALT 
Note : IDNO ^ 32, 768 

NOMEGA s 250 
N £ 12 

F O R M A T (316, 2E12.5) 

F O R M A T (3E12.5) 
OMEGA (J) , DBM (J) , P H E (j) J = 1, . . . , NOMEGA 
Note : The OMEGA's need not be in a s c e n d i n g o r descend ing 

o r d e r . 

F O R M A T (4E12.5) 
WX, SCALE, CONVl, CONV2 

Note : WX = 1.0 g ive s the p o l y n o m i a l coe f f i c i en t s wi th the 
weighted m e a n s q u a r e e r r o r c r i t e r i o n at the end of 
the f i r s t i t e r a t i o n . 

*ANF 402, M a t r i x I n v e r s i o n with A c c o m p a n y i n g Solut ion of L i n e a r 
Equa t ions (FORTRAN II), B u r t o n S. G a r b o w , F e b r u a r y 23 , 1959. 
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D. Output Information 

The i terat ion at which the problem converged, the maximum e r r o r 
in magnitude and phase, the point at which each occurred, the polynomial 
coefficients, the calculated magnitude, the calculated phase, the e r r o r s in 
magnitude and phase, and the reciprocal of the square of the magnitude of 
the denominator for each frequency are written on-line on tape 6 for each 
problem. 

E. Operating Instructions 

A standard 72-72 reader board, a SHARE 2 printer board, and an 
underflow switch are necessary for running this program. 

SENSE SWITCHES: 

1,2,3,4 Not used 

5 UP: Normal 

DOWN: ERMAG, the point at which ERMAG occurred; ERPASE, the 
point at which ERPASE occurred; the numerator and the 
denominator coefficients; and OMEGA, CDBM, CPH, ERORM, 
ERORP, and W at each point are printed on-line for the 
current i teration. 

6 UP: Normal 

DOWN: The matr ix elements as they appear in the matr ix and the 
X's, S's, T ' s , and U's are printed on-line for the current 
i terat ion. 

TAPES: 

6 Blank for output 

RUNNING PROCEDURE: 

1. Mount and ready tape 6. 

2. Depress the underflow switch and set the sense switches as desired., 

3. Ready the program deck and the input cards in the card reader . 

4. CLEAR and LOAD CARDS. 

5. At the completion of a se r ies of problems, write an EOF on tape 6 
and remove for printing off-line on program control. 
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VI. THE FORTRAN PROGRAM LISTING 

It is believed that the transfer function of a nuclear reactor has an 
excess pole over the number of zeros . Hence, the program RE 277A was 
written such that the numerator polynomial is of one degree less than the 
denominator polynomial. 

If, in a problem, the form of the function is unknown, it is suggested 
that the observed data may be fitted by a ratio of two complex polynomials 
of equal degree. The program RE 277B was written to do this . 

Both versions of the program use the same input information and 
have the same operating instructions. 

The cutput for the sample problem cited in the art icle is also given. 
The results of the first iteration (the resul ts obtained by the "weighted" 
mean square e r ror criterion) were obtained by depressing sense switch 5. 
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A. R E 277A 

RE277A TRAFICORPORATION 
C TRANSF.£R^£LlWi:i_ia6L_EJ(P_R£SS£a_AS._A^J?AT_ia_DF^_IW0 C0M2LEJ!-,,P-flLYNQMiALi_̂ .. 

WHERE THE NUMERATOR IS OF ONE DEGREE LESS THAN THE DENOMINATOR 

DIMENSION OMEGA(2b0),PH(250),DBM(250),R(250),UR(250),W(250),AMDA(5 
10).V(50),S(25),T(25),UIJ50)tAl25.25.ljB(25l,EM(250),JPX]J5J_,Qn5).QABS.. 
21(250),QABS2(253I,QABS0(250),QABS(250),PABS1(250I,PABS2(250 I,PABSQ 
3(2501_.P_ABS.(25-Ql..tEMJ,25Q.)j.CDBM.lZ5flJ.t£RQRM1250),CPHl.25aij.M£IAll25_QJL„ 
't,THETA2(250),ERORP(25 0),ALPA(250) .BETA ( 250 ), PHE < 2 50 I ,CPHR(250) 

C READ INPUT 
X 
1005 F0RMAT(6E12.5) 

..Ji)Q6 F0RMAT.(5I6,UE12_^5_1 
1000 READ 1006,IDNO,NOMEGA,N.CURNER.WALT 

"0 '"'" I = I.NOMFr.A 
1010 READ 1005,OMEGA(Jl,DBM(J),PHE(J) 

..150Q .R_eAD_]_005_iHXj.SCALEjCQN¥l,CONV2 
ERMAG1=0. 
ERFAiI=fl. 
MAXPT1=0 

. MAXPTi^Q , 
ITER=1 

Jfl_ IS]-Q„J_.=._1,N0J^£GJ4_ 
1510 W(J) = WX 

£ 
C CONVERSION OF EXPERIMENTAL G(J) INTO THE REAL AND IMAGINARY PARTS 
£ 

DO 500 J = 1,NOMEGA 
PHSJ) = P H E ( J J » 0 , 0 1 7 4 5 3 3 -
E M ( J ) = EXPF(DBMt J ) / 8 . 6 ' 8 5 8 8 9 6 ) 
R( J ) = EMi J ) «£0S£1J?HUJ_ l 

5 0 0 U R ( J ) = E M ( J ) « S I N F ( P H ( J ) ) 
N2 = N«2 
QZERO = 1 . 
_NOLAMD = . . M * 2 T - 1 

G 
C COMPUTATION Of .LAMaOA,_Uj-I-.ANfl_^_. 
C 

JL.DO 15 J = l i N 2 . 2 
5 TEMP = 0 . 

DO 10 K .=_.]-,NOMEGA 
J l = J - 1 

10 TEMP =_aM£GAlRl*»JLtJJJJi-l±.T£ME 
A M O A I J ) = TEMP 

15 A M D A ( J * 1 ) = 0, 
2 0 DO 35 J = 1 , N 2 , 2 
2 5 TEMP- = 0 . 

DO 30 K = 1,NOMEGA 
J l . i l . J + l 

3 0 TEMP = 0 M E G A ( K ) » « ( J 1 ) « ( R 1 K ) » » 2 + U R { K ) « » 2 ) « W ( K ) + T E M P 
111,11 = TFMP . 

3 5 U l J + 1 I = 0 . 
ifO . D 0 . . 5 5 . . J . . 5 . . - l , i J . 
1*5 TEMP = 0 . 

DO -5Q-K..=__]j.R0MEfiA 
J2 = J « 2 - l 

5 0 TFMP = O M F G A l K ) « . l . l ? l » I I R ( K ) . W t K H - T F M P 
5 5 T ( J ) = TEMP 

L = N-1 
6 0 DO 75 J = 1 ,L 
6 5 - J £ t t P - . - ? . . f l * 



JO 70 K = 1,NOMEGA 
J2 = . Ji>2 

70 TEMP = 0MEGAIKI»«IJ2)«R(K)»W(K)+TEMP 
—J-^-Sl.ll = TFMP 

80 TEMP = 0. 
00 81. .K..=. Jj.ROWE.GA___ 

81 TEMP = RIK)»W(K)+TEMP 
SIERO..^..I£HE 

C 
C SURSTITIITTON OF PROPER MAGMTIIOFS IN THF MATRIX 

c 
DO 2000 J = 1,N _ 
00 2000 I = 1 ,N 
K = I+J-1 

2000 A d , J ) = AMDAIK) 
HST1^= N+.l 
DO 2020 J = MST1,N2 
DO 2020_I„T..M_SJ_UM2.. 
K = I + J-1-N2 

2020 A 11,J I = UIKJ 
DO 6000 I = 1,N 
Lit. =_2*I 
V(IV-l) = TII I 

6000 V (IV ) „=. S (J J 
DO 6005 I = MST1,N2 
DO 6005 J .?„]_iR 
K = I + J-N-1 

.6005 Aa..JJ. = VLKJ 
00 6010 I = 1 ,N 
DO 6010 J _=__«_ai.lj.N2 
K = I+J-N-1 

6010 A (I, J ) = , V1_KJ. 

c 
C__ As<;TnNiNr, r.nRWFr.T S I G N S T O T H F M A T R I X F I F M F N T S 

c 
LL = N + 2 
L = N+1 
J = 2 

8000 DO 8010 I=L,N2,2 
HOlO AII,.I1^-AI l,.ll J = J+1 
_ IFlN-JJJ3i0i3,-8O2_Q4.8ilZ0_. 
8020 DO 8030 1=1,N2 
aojo AiijjI-=-TAIij-j-i 

J=J+1 
iFiN-.iiRinn.8rns.Rn^s 

8035 DO 80U0 1=2,N,2 
BQiJO AiI.Jl-=-Ai.UJLl 

DO 8050 I=LL,N2,2 
6050 AlI.JJ.T-All.JJ 

J = J + 2 
iFiN-.iifiinn.Rnnn.Rono 

8 1 0 0 J=N+1 
JB105 D0..ailfl-I = 2 iR.2 
8 1 1 0 A ( I , J ) = - A ( I , J ) 

. . J = J + 2 
I F ( N 2 - J ) 8 5 0 0 , 8 1 2 0 , 8 1 2 0 

8 1 2 0 nn 81.10 1 = 1 . N . 2 
8 1 3 0 A I I , J ) = - A I I , J ) 

J3a.ai.tD._JLTJLj.til2j.2_. 
8 1 U 0 A l I , J I = - A I I , J 1 

J.=J+.l 

http://J3a.ai.tD._JLTJLj.til2j.2_
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IFIN2-J18500,8150,8150 
ai5Q-DD_J316fl__I_=_i»WZ 
8160 AII,J)=-A(I,J) 

.I'.l-H 
IF(N2-J)8500,8105,8105 

8500 B(l)_.= SZERO 
DO 8501 1 = 2,N 

_a5Q1_Bl„li..= V_LI-1) 
B(N+1)=0. 
NTWn = N4.7 
DO 8505 I=NTW0,N2 
K=I_-_M.rl 

8505 B d ) = UIK) 
-t. 
C PRINT MATRIX ELEMENTS ROW BY ROW IF SENSE SWITCH 6 IS DEPRESSED 

X 
IFISENSE SWITCH 5)8510,8520 

___8i].Q..P.RiNl.l..37.5.5j.I.DN0j I TE.R 
IFISENSE SWITCH 6 )85l'3, 8520 

..-85]X.e.Rl.N.T._.SiLl 
8511 F 0 R M A T U 2 H THE MATRIX ELEMENTS PRINTED ROW BY ROW/) 

DO fl-Sl? T = 1.N? 
8512 PRINT3792,IA(I,J),J=1,N2) 

JL. 
C SCALE MATRIX ELEMENTS 
t 
8520 DO 8700 1 = 1,N2' 

no 8700 .l=1.N? 
8700 AII,J)=AII,J).SCALE 

_OQ..87.0.l..l.=.J.t_N_2L_ 
8701 B H ) = B I I )«SCALE 

i 
C SOLUTION OF MATRIX EQUATION 
X 

CALL MATINVIA,N2,B,1,DETRM) 
Xf..ACj:UMULAJ.0Ji..0VEJif.LilH..£5.'i II.55.311. 

8530 IF QUOTIENT OVERFLOW 8550,8531 
.-85"LQ..P.BJLH.t..8i!*J5j_IIltl.QjLLI£fi 85U5 F0RMAT(9H1PR0BLEM I6,it2H HAD AN ACCUMULATOR OVERFLOW IN ITERATION 

U i l 
GO TO 1000 

BSSn PRINT RSS5.TDNn.ITFR 
8555 F0RMATI9H1PR0BLEM I6,38H HAD A QUOTIENT OVERFLOW IN ITERATION 13) 

-Gfl-.IJ1..111QJJ 
8531 PZERO = B(1) 

N1=N-1 . _ 
DO 2500 1=1,N1 

...25fljO.-E.llL.^.fiJ.l±1.l 
N1=N+1 
nQ..zi.Q3L.^.=Jil,J^^. 
IMN=I-N 

?sns QMMNI = Rill . 
C 

SL tALCJJkA.IJ:0Ji..Qi=...tHE..ttAiilllJ.UJlti.P-t(AS.E..ANIl.£R8JlR.-
C 

...If.-tXJMilD£JLIU2112510j.25J.D.i25J32. 
2509 NSTOP = (N-1)/2 

r.n TO 2516 „ 
2510 NSTOP = N/2 
^51.6.-D.Cl-^i21..J..5..J.jjyaM£G.4.. 
2515 TEMP = 1.0 

..JDa.25J2fl.J...r-.J..NS.iaE.-

http://RSS5.TDNn.ITFR
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K = 2*1 
2520 TEMP =. (_-l..e.l_•._•_l.•.QI4£GAiJJ.•.»KtilJ_K-lJ•.T£HJ?-
2521 OABSl(J) = TEMP 
2525 IF ixMnnpiN.?ii7sin.?s^n.7S?9 
2529 NSTOP = IN+1)/2 

GO TO 25.3^ 
2530 NSTOP = N/2 
2535 DO 2550 J ._=..UĴ aM£Gj4.. 
2540 TEMP = 0. 

DO 2SUS I = 1.NSTOP 
K = 2*1-1 

25U5 TEMP = -1-1. )»»I_?_QM.EGAlJ)**K.»Q.l.KL+_TEĴ _P__ 
2550 0ABS2(J) = TEMP 

DO 2560 J = ].,N0_M£GA 
QABSQIJ) = OABSlIJ)««2+0ABS2(J)»«2 
WIJ^) = l.O/OABSQUJ 

2560 QABSIJ) = SQHTFIQABSQ(J)) 
2600 IF ( X fODF I N, 2J.).2_60.5JL2_6_Q5_I26.1D._ 
2605 NSTOP = (N-2)/2 

GO TO 2620_ 
2610 NSTOP = (N-1)/2 
2620. DO ?6?6 ,1 = I.NOMFGA 
2621 TEMP = PZERO 

00 2625 I __=.._1J.N.SJ_0_P_ 
K = 2»I 

2625 TEMP = (-].J.t»l?_QM_e_G_A.Uh*_».l5_*P.lK.J.+.T.EĴ P.. 
2626 PABSIIJ) = TEMP 
2630 IF IXM0nFIN.?l)?6U0.?6U0.?6Ul 
26U0 NSTOP = N/2 

GO TO 26U5 
2641 NSTOP = IN-I )/2 
2645 DO 2655 J__?__J_,jiO_M_E_G_A_. 
2646 TEMP = 0. 

_D0._2&50 1 = 1.NSTOP 
K = 2*1-1 

2650 TEMP =̂ .-[-J_̂ J_._.i.•.QM£fi.&.eJ.l_»__•_l<_•P_Ll<).+ J.fMP.. 
2655 PABS2(JI = TEMP 
2660 DO 267Q.a._=__]_iR0MEG& 

PABSQ(J) = PABS1(J)««2+PABS2(J)«»2 
PARSI.n = SQRTFIPARSQIJIl 
CEM(J) = PABSIJ)/OABS(J) 
CDaM.lJJ=-a.i!8J5a8_96.ti.aG£l_C£M_I.J.l_l 
ERORMIJ) = ABSF(DBM(J)-CDBM( J)) 
ALl£Rl_-?-_ABSE_lCDaM.CJ.)_l___ ____ __ 
IF (ERORMIJ)-CURNER«ALTER112661,2661,2663 

?(,h?. IFITTFR-l 12661.2661.2665 
2665 DBM(J) = CDBM(J) 
_ . PRINT..26.64,J 

2664 F0RMAT(///66H EXPERIMENTAL MAGNITUDE CHANGED TO CALCULATED MAGN 
1ITUD£__AX_.J__=__J_4/_] 

2661 ALPAU) = ABSF(PABS2( J)/PABS1 ( J) ) 
IF QIIOTIFNT nvFRFI OW 7iOn.7301 ^ 

7301 THETAl(J) = ATANFIALPAIJl) 
2304 3£TALJl-_=. AaS-EiQAaS21_Jl/.QAB.S]_lJJ_l_ 

IF QUOTIENT OVERFLOW 7302,7303 
..7303 .THETA2(.JJ__ = _AJ.ANF_lfiE_IA14J.L-.- _... 

GO TO 7305 
7^nn THFTA1(J) = 1.570796425 

GO TO 7304 
7302 THETA2i_J_)_f_lj,.5.7..0_7_9_6_42.5____ 
7305 IF(QABS2(J))2700,2701,2701 
2700 TH£TA21_aJ___=—•r.T_H_£LA2LJl 
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2701 IF IQABSK J) )2710 ,2711 ,2711 
.27_lJ),_TJiE.TA2L(.J.l__=__3._l.4.1i9.2Z-THE.TA2XJLl 

2711 IF (PABS2(J )12720 ,2721 ,2721 
2 7 ? n T H F T A K J ) = - T H F T A l l . l l 

2721 IF (PABSK J) )2730 ,2731 ,2731 
2T_30L__T_H,ET.A_IJ.J ) = 3.1415927-THETA1(4J 
2731 CPHR(J) = THETA1(J)-THETA2(J) 

_QP_H.U_L_T__C.PHR.U! •57 .2957795 
ER0RP(J)=ABSF(CPH( j ) -PHE(J j ) 
ALTER2 = ABSF[r.PHI.l)J_ 
IF (ERORP(J)-WALT«ALTER2)2670,2670,2671 

.-26_T1_J.F_11LERT_1 ) 2670, 267Qj 2673 
2673 PHE(J) = CPH(J) 

P R I M . . 2 6 7 2 , J 
2672 F0RMAT(///58H EXPERIMENTAL PHASE CHANGED TO CALCULATED PHASE AT 

1 J ^ It/1 
2670 CONTINUE 

E R M A G 2 = ERORMI1) 
MAX'PT^ = 1 
D_(3_,3_70_Q__I__A_.2 J NOMEGA 
i F ( E R M A G 2 - E R C ) R M ( i))3710,3706,3760 

3710 E R M A G 2 = E R O R M d ) 
MAXPT2 = I 

_aiOfi__CflNLTJ.̂ Jit 
ERFAZ2 = ERORP d 1 
MAXPX4_A__l 
DO 3720 I = 2,NOMEGA 
IF IERFaZ2-ER0RPIII 13715.3720.3720 

3715 ERFAZ2 = ERORPII) 
MAXPT4 = I 

3720 CONflNUE 
.C_ e PRINT RESULTS OF CURRENT ITERATION IF SENSE SWITCH 5 IS DEPRESSED 

£ ^ _ — _ 
NLESS1=N-1 
lF__JLS£N.S£__SH.l-TCJJ__5_l5.I50_i.aD_Qli 

3755 F 0 R M A T ( / / / / / 1 n H 1 1 5 2 0 / R E 2 7 7 COMPLEX CURVE FITTING ROUTINE 
JL -PR0JBJ.£M-«lJHB£EL_JL4y_/_l_ 
21H ITERATION 14/) 

.'JTSO PRINT 3760.FRMAr..'.MAXPT2.ERFAZ2.MAXPT4 
3760 F0RMATI/18H ERMAG = F10.5,17H OCCURED AT J = 14, 

UiltL R̂Pj4S.t_?__£1_Q.iu5_il7JH____QC_CUR£D__AL_J._.=..I.'») 
PRINT 3765 

3J65..EI3R.MAI.t/.5J2H .NU.B£BAJ_0Jl__CllE£f_IJ:j_ENJ_S_-P-ia)_tPtH_,P_12J_.£LCju__ARE_l 
PRINT 3766,PZER0,(P(I),I=1,NLESSl) 

3766 FQRMAT(/1PE20.5.1P6E1S.51 
PRINT 3770 

ilJQ F_QKMAT_I/5.2_H_ JJE.N_QM_I_NAJ_aR__C_Q£FFjLC_l£N_TS..QlQJ ..0(1 ).,_QXiU-E.TU_-A-R£J__._. 
PRINT 3766,0ZER0,(0(I).l = l.N) 

.__J?RIWI..5715. 
3775 FORMAT(/88H J OMEGA CDBM CPH 

1FRQRM ERORP W/) PRINT 3780,(J,OMEGA(J),CDBMIJ),CPH(J),ER0RM(J),ER0RP(J),W(J),J = 1 
lj_f«2H££&.l ___ 

37'80 F0RMAT(/I4,1P6E15.5) 
.If.__CS.EWS£__SWiTtH..6.J..3.Tfi]_i9.0.QD.. .— 

3781 PRINT 3782 
_37R^ F0RMAT(/28H I AMUAS ARE THE FOLLOWING) 

PRINT 3766,(AMDAIJ),J=1,NOLAMD) 
PRINT..3.7_8_4_ 

378U F0RMATI/27H S ( 6 ), S u') , s'( 2 ) , ETC. ARE) 
___.ERI_N J__i7_66_.i2LEJlO_iJ.S.U.ljLj.=l.Ĵ L£i.S.lJ. 
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PRINT 3 7 8 6 
-iJ&k.FORKAXUZW _Tl]_lj_T_L21j.UiU£Iijc-AR£J.. 

PRINT 3766,(T(J),J=1,N) 
PRINT 37flH 

3788 F0RMAT(/27H U(1),U(2),U(3).ETC. ARE) 
PRI_NJ__^7_6ii_(.UUJ_i.J.r.lj.«2J 

3792 F0RMAT(/1P8E15.5/) 
C 
C TEST FOR CONVERGENCE 
Q 
9000 IF IMAXPT1-MAXPT219100,9050.9100 
9050 TEST = ABSF(ERMAG1-ER_MAG2J. 

IF(TEST-CONVl19051,9051,9100 
_9_051 _l£(MAXPT3-MAX.ei4_lS'_lJ10_.S032._910fl. 
9052 TEST=ABSF(ERFAZ1-ERFAZ2) 

IF(TFST-rnNV219010.9010.9100 
9100 MAXPT1=MAXPT2 

_MA_)S.P.T.3f.M.AX_PT4__ 
ERMAG1=ERMAG2 
£R-FAZ.1 = E_RF_AZ.2_ 
ITER=ITER+1 
GO TO 7 

C 
£ ktBiT£__0JJT_PJJI_._T_AP_£_.6 
C 
..90.10..WRI_TE._QU_IP_UJ___IAe£__6jL3_755_iiDJiO_,JLI£fi.__ 

WRITE OUTPUT TAPE 6,3760,ERMAG2,MAXPT2,ERFAZ2,MAXPT4 
HRITF OUTPUT TAPE 6.176S 
WRITE OUTPUT TAPE 6,3766,PZERO,IP11),I=1,NLESSl ) 
WRITE..0.UJ.PliL..TAP_£.ii,_}X7-Q ___ 
WRITE OUTPUT TAPE 6,3766,QZERO,(QII),I = 1,NI 
WRITE 0U.T-P-UT__IAP-E__6_t3.7_75_ 
WRITE OUTPUT TAPE 6,5780,I J,OMEGAIJ), CDBMIJ),CPH(J),ERORM(J),ERORP 

1 I.II.WI.II..I = l.NnMFr.Al 
9999 GO TO 1000 

ENDIfl,_l,_0_.,a.flJ 
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B. R E 277B 

RE277B TRAFICORPORATION 
TRANSFER EUNCJJ.QN..E:!!P_R£SS£Q.AS..A-J?AT.ia.flF.-TWO COMPLEX PQLYNQMi&LS... 
WHERE THE NUMERATOR AND THE DENOMINATOR ARE OF EQUAL DEGREE 

DIMENSION OMEGA(250),PH(250),O8M(250),R(250),UR(250),W(250),AMDA(5 
10),V( 50 ),S (25 ),T(25),U1.5Q),A125,251,8(25 ),EM(250),P(15),Qd 5 ),QABS. 
21(250),QABS2(250),QABSQ(250),QABS(250),PABSl(250),PABS2(250),PABSQ 
3 ( 250 ),PABS(25QJ,£lE>lJ_25aiaCDaML25J3J,ERORM (250), CPH (250), THETAl (250) 
4,THETA2(250),ERORP(250),ALP A(250),BETA(250),PHE(250),CPHR(250) 

C _ 
C READ INPUT 
C 
1005 F0RMAT(6E12.5) 
1006 FORMAT I 31 6, 4E 12.5.1 
1000 READ 1006,IDNO,NOMEGA,N,CURNER,WALT 

DO 1010 •' = l,NOH££iA_ 
1010 READ 1005,OMEGA(J),DBM(J),PHEIJ) 
1500. READ 1005..,_WXJ.SCAL6J_CQ̂ lVl,CflNV2 

ERMAG1=0. 
ERFAZ1_=_0,._. 
MAXPTl=b 
MAXPT3 = 0 
ITER=1 

-X)Q..l5m_J._r..l.NQ*1£GA 
1510 WIJ) = WX 

C 
C CONVERSION OF EXPERIMENTAL GIJ) INTO THE REAL AND IMAGINARY PARTS 
£ 

DO 500 J = 1.NOMEGA 
...PHI JJ __=__P.HE( J J«0_,_0]74533 
EMI J) = EXPFI DBMrj)/8.6858896) 
Ĵ .(.JJ_̂ ...E«lJJ.t£Q5JiJJ?HUJ_l 

500 URIJ) = EMIJ)»SINFIPHIJ)) 
. N? = N»? 

NOLAMD = N2+1 
_NaU5.._=..JM2-l..__ 
NPONE = N+1 
QZERO =.. U 

C 
£ COMPllTATinN OF l A M R D A . l l . T AND S 

7 DQ_J.5_J._=._UN0J-AMJ:..2 
5 TEMP = 0 . 

DJD - 1 J O - J 4 . . 5 . _ 1 . . N Q M £ G A 

J l = J - 1 
i n TFMP = n M F G A ( K I « . . n » W I K H - T F M P 

AMDAIJ ) = TEMP 
. 15 AM0A.( Jt_1 J_..=._J3... 
20 DO 35 J = 1 , N 2 . 2 
2 5 T£MP. . .= ._OJI . 

DO 30 K = 1.NOMEGA 
I I ^ J^•1 

30 TEMP = 0 M E G A I K ) » » I J 1 ) » I R I K ) » » 2 + U R I K ) » » 2 ) * W ( K I + T E M P 

IHAL.=..1£MP. — 
3 5 U ( J + 1 ) = 0 . 
4 0 Xlfl_i5._J_.=__]_tN. ____ _ 
1*5 TEMP = 0 . 

nn 50 K = I.NOMFGA 
J2 = J » 2 - l 

50 -T£MP__?__fltt£&SjLK.l.«t.(.J2J.JJJRlJiJ.tWiJilt.T£J!lP. - . _ 
55 T ( J 1 = TEMP 
6 Q JDQ.25 . . J . . = . .UN . 
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65 TEMP = 0. 
D0..7-0..l<L..= ..l»J^M£XiA.. 
J2 = J«2 

70 TFMP = nMFGAII<l..l.l71.R(K I.WIKH-TFMP 

75 S(J) = TEMP 
80 TEMP..?__a. 

DO 81 K = 1,NOMEGA 
81 T EMP .r._RlĴ J_tWlJiJ_+_t£MP__ 

SZERO = TEMP 
£_ 
C SUBSTITUTION OF PROPER MAGNITUDES IN THE MATRIX 
£ 

DO 2000 J = 1,NPONE 
Xia.2000 I = .L.NPJDME ____ 
K = I+J-1 

7000 AM..11 = AMOAIK) 

MSTl = N+2 
J30__202a..J__?-_M_STUN.01.&.MXl_ 
DO 2020 I = MSTl.NOLAMD 
K_-?-_I.+ J T 3 - N 2 

2020 Ad,J) = UIK) 
no 6000 1 = l.N 
IV = 2*1 
V(lV^lh_=.Jl_U 

6000 VdVI = Sdl 
DO.. 60 Q5_ J.__?__M-SJ_U_N.0LAJ411_. 
DO 6005 J = I,NPONE 
K = TtJ-N-y 

6005 A(I,J) = V(K) 
00 60T0 I.._=__1J.NEQN£ 
DO 6010 J = MSTl,NOLAMD 
K _= . 1 +J-N-2 

6010 Ad,J) = V(K) 
£ 
e ASSIGNING CORRECT SIGNS TO THE MATRIX ELEMENTS 
C 

J = 2 
__BO.OQ DO. B 010. J ?_MS.T_lj.NflLAttD_i2 
8010 A(I,J)=-A(I,J) 

.1=1+1 
IF(NP0NE-J18100,8020.8020 

.-efl20-.ao-a.aiO-_j-5_i,j^i£iLAHo. 
8030 A(I,J)=-A(I,J ) 

J=J+1 
IF(NPONE-J 18100,8035,8035 

B03S no H04fl l=?.NPONF.y 
8040 AII,J)=-AII,J) 

DO 805a..l=_N.tHR££iR0J-AMfl,2_. 
8050 AlI,J)=-AII,J) 

J=J+2 
IFINPONE-J15100,8000,8000 

_8J.D 0. J=JlSiJ 
8105 00 8110 1=2,NPONE,2 
8110 A(I,J1=-A( I.J.) 

J = J + 2 
I F(NOLAMD-J) 8 500,812-0,8120 

8120 DO 8130 1=1,NPONE,2 
6130 A I I , J ) = - A d , J l 

DO 8140 I=MST1,NOLAMD,2 
8140 AlI,JI=-AII,Jl 

J = J+1 
I F I NO L A.MO-.4J.Bi0.a,_8JL5.Qj 815 0 
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8150 00 8160 1=1,NOLAMD 
8160 A d , J ) =-tdiUAi 

J = J + 1 
iFiNOi AMn-.iiRsnn.Rins.Hins 

8500 B(1) = SZERO 
DO 8501 I = 2.NPONE 

8501 Bd ) = Vd-1 ) 
B(N+2) = 0. 
NTHREE = N+3 
_DO_8.5.05. I. = NTHREE,NO_LAMD _ 
K = I-N-2 

8505 Bd ) = U(K) 
C " 
C PRINT MATRIX ELEMENTS ROW BY ROW IF SENSE SWITCH 6 I S DEPREJSSEQ 
C 

1EXS£RS.E_.SNITCH 5J3_511Ua52D 
8510 PRINT 3755,IDNO,ITER 

IF(SENSE SWITCH 6(8513,8520 
8513 PRINT 8511 
8511 F0RMAT(42H THE MATRIX ELEMENTS PRINTED ROW BY RQX/J 

DO 8512 1=1.NOLAMD 
8512_PRINT3792j_.(̂ AII_j.JitJ.=iLN0LAMliJ _ .: 
C 
C SCALE MATRIX ELEMENTS 
C 

8520 DO 8700 _L=.1.,_N0LAMD 
00 8700 J=l,NOLAMD 

. 8 7 0 0 A d . J ) = A d . J ) * S C A I E . 
DO 8701 1=1.NOLAMD 

8701 B d )=6CJl*SCALE 
C 
e ....SO_LUT.I.O.N__O.F__M_ALR_I_X_.E_Q_UAT_I.ON 

CALL MATINVIA.NOLAMD.B.1.DETRMl 
IF ACCUMULATOR OVERFLOW 6540,8550 

8530 IF.. QU.0TI£RT._OV£REL0K..-a5_SQ.jB531 
8540 PRINT 8545,IDNO.ITER 
8545 FORMAT,l9,H.lPR0BL£M__I6.t42H_HAD AN.ACCUMULATOR OVERFLOW IN .I.TEBATIJDN 

113) 
GO TO 1000 

8550 PRINT 8555,IDNO,ITER 
8555 F08MAT.(9HlPP0BLEM__l_6,3.8HHA0..A_aUQII£RT OVERFLOW IN_XTERAILDN__I3J_. 

GO TO 1000 
6531 PZ£RQ.-= Btll . 

DO 2500 I = l.N 
-_250Q PiXl =.eil+1) 

DO 2505 I=MST1.NOLAMD 
IMN=1-N-1 .. . 

2505 QdMN) = Bd ) 
C . 
C CALCULATION OF THE MAGNITUDE,PHASE AND ERROR 

IF IXMODF(N,2))2510,2510,2509 
2509 NSTOP -=. IN.-TJ 1/2 

GO TO 2516 
2510 NSTOP = Ĵ /.2 
2516 DO 2521 J = 1.NOMEGA 

_251i_LEMP_J_L.iL 
DO 2520 I = 1,NSTOP 
K = 2*1 

2520 TEMP = (-1.0)*»I*6MT(;Arj)**K*b(K)+TFMP 
2521 QAaSl-tJJ...=...l£MP. 

http://AMn-.iiRsnn.Rins.Hins
http://_251i_LEMP_J_L.iL
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2525 IF (XMODF(N,2))2530,2530,2529 
2529 NSTOP. =-LR+liy-2 

GO TO 2535 
?S3n NSTOP = N/? 
2535 DO 2550 J = 1,NOMEGA 
2540 TEMP = .0. 

00 2545 I = 1,NSTOP 
K = 2M-1 

2545 TEMP = -1-1.)**I*0MEGA1J)**K*QIK)+TEMP 
2550 0ARS2IJ) = TEMP 

DO 2560 J = 1,NOMEGA 
QABSQIJ) = CABS1.(_JJ_**2.+.QARS2( J)**2 
WIJ) = l.O/OABSOU) 

2560 QABSU) = SQRTF(Q.AB.SQ.(J).) 
2600 IF (XMODFIN,2))2605,2605,2610 
2605 NSTOP = N/2 

GO TO 2620 
2610 NSTOP = IN-1)/2 
2620 DO 2626 J = 1,NOMEGA 
.2621 TEMP = P.ZE.R.Q 

00 2625 I = 1,NSTOP 
K...= ,.2.l 

2625 TEMP = 1-1.)**I*OMEGAIJ)»»K*P(K)+TEMP 
2626 PABSl (J) =._TE.MP_ 
2630 IF (XMODF(N,21)2640,2640,2641 
2640 NSTOP ? N/„2 

GO TO 2645 
.2641 .NSTOP-.= i N + 1 )/? 
2645 DO 2655 J = I,NOMEGA 
2646 TEMP =.0... 

DO 2650 I = 1,NSTOP 
K = 2*1-1 

2650 TEMP = -(-1.)**I»OMEGA(J)**K*P(K)+TEMP 
„2655_PABS2(.J I = TFMP 
2660 DO 2670 J = 1,NOMEGA 

PABSQ(J)...= _.eABSilJJ_*_*_2+P_&BS2JLJ-l*.*2 
PABS(J) = SORTF(PABSQ(J) ) 
CEM(J) = PAaS_LĴ iy_tAaS-LJ_l 
CDBMIJ ) = 2 0 . * L O G F I C E M ( J ) 1 * 0 . 4 3 4 2 9 4 6 8 
ERQ.RM1 J ) . = A R S F i n R M I J I - r . n R M I . I I 1 
ALTERl = A B S F I C D B M I J ) ) 
I F I ERORMI J J . - C U R N E R * j 4 L L E R L l 2 6 i i ] . , 2 6 6 1 . 2 6 6 3 

2 6 6 3 I F d T E R - 1 1 2 6 6 1 , 2 6 6 1 , 2 6 6 5 
2 6 6 5 DBM( J.)._=..C.0aM.lJ.l 

PRINT 2 6 6 4 , J 
2 6 6 4 _ f . 0 R ? l A L i y / / . 6 i l H EXPERIMFNTAI MAGNITI inF PHANGED TO C A I C U I A T F n MAGN 

I I T U D E AT J = 1 4 / ) 
2 6 6 1 A L P A ( J ) = .ABSFXPABS2J.J.I/J'AB.S1[JL1____ 

IF QUOTIENT OVERFLOW 7 3 0 0 , 7 3 0 1 
7301 THETAl (J) = .ATANFIALPAIJ.) 1 
7304 BETAIJ) = ARSFIQAPS2IJ)/0ABS1I J) ) ' 

IF QUOTIENT OVERFIOW 7302.7.S0.^ 
7303 THETA2IJ) = ATANFIBETAIJ)) 

GO TO 7505 . 
7300 THETA1(J)=1.570796425 

GO TO 7304 
7302 THETA2IJ) = 1.570796425 " "" 
7305 IF IQABS2IJI 12700,2701.2701 
2700 THETA2IJI = -THETA2IJ) "' 
2701 IF (OABSlI J))2710,2711,2711 
2710 THETA2(J) = 3.141592f-THtTA2l J) " 
2711 IF IPARS2I J) );:720,2721,j?72l 



27 

2 7 2 0 T H E T A I U ) = - T H E T A K J ) 
2 7 2 1 I F I P A B S l I J ) ) 2 7 3 0 ^ 2 7 3 1 , 2 7 2 1 
2 7 3 0 T H E T A K J ) = 3 . 141 5 9 2 7 - T H E T A l ( J ) 
2 7 3 1 C P H R ( J 1 . = . T H £ , t A l l J ) - T H F T A 2 I J L , 

C P H U ) = C P H R ( J ) * S 7 . 2 9 5 7 7 9 5 
ERORP(J ) = A B S F I C P H I J ) - P H E I J ) ) 
ALTER2 = ABSFICPHIJ)) 
IF lERORPIJ)-WALT»ALTER2)2670.267C.2671 

26T1 IFI ITER-1 12670,2670,267.'. 
2673 PHEIJ) = C P H U ) _ _ __ 

PRINT 2672.J 
2672 F0RMATI///58H EXPERIMENTAL PHASE CHANGED TO CALCULATED PHASE AT 

1 J = 14/) 
2670 CONTINUE 

ERMAG2=ER0RMI1) 
MAXPT2 = 1 . . _ 
DO 3700 I = 2,NOMEGA 
IFIERMAG2-ER0RMII l J 371Qj3700.3700 

3710 ERMAG2=ER0RMII) 
MAXPT2=I 

3700 CONTINUE 
ERFAZ2=£R0RPI 1 ) _ 
MAXPT4=1 
DO 3720 I = 2,NOMEGA . ._ 
IF(ERFAZ2-ER0RPII))3715,3720. 3720 

3715 ERFAZ2 = ER0RP_IL1 
MAXPT4=I 

3 7 2 0 CaRIiNUE . 
C 
C PRINT RESULTS OF CURRENT_JTERATI_O.N_.IF SENSE SWI TCH.5. I.S.DEPRESSED . 
C 

IF ( SENSE. SWI.TCH.-5_)_3_7-50_t.9.00O _ 
3 7 5 5 F 0 R M A T ( / / / / / 1 1 1 H 1 1 5 2 0 / R E 2 7 7 COMPLEX CURVE F I T T I N G ROUTINE 

_1 PROBLEM NUMBER I 4 / / 1 
21H I T E R A T I O N 1 4 / ) 

3 7 5 0 PRINT 37.feQ.i£RMAG2.>1_AXPJ.2j.£R£AZ2,MAXPT4 _. 
3 7 6 0 F 0 R M A T ( / 1 8 H ERMAG = F 1 0 . 5 . 1 7 H OCCURED AT J = 1 4 . 

. ..ILtH. __.EKPASE__=_£lQ^5_tJ.7JJ.-JJCCUB£a AT J _ = . I 4 J _ _ 
PRINT 3 7 6 5 

37.65__ FORMATI /SOM NIJMFRATnR m F F F l C I F N T S P I Q I . P L I ) ,P1Z1 . £ ! £ .__AR£J 
PRINT 3 7 6 6 . P Z E R O , I P d 1,1 = 1 ,N ) 

3 7 6 6 F0RMAT.C/_ lP.£2f l .5 ,_ lP6£15. .5.J ._._ 
PRINT 3770 

3 7 7 0 FQRMAT-iy_52H aENaMlNA_IDJ5__CQ£EELCiENXS._Q( 0) . 0 1 1) , Q i 2 1 , £ T . C J J i E ) 
PRINT 3766,QZER0,IQII).I = l.N) 
PRINT 377S — • 

3775 F0RMAT(/88H J OMEGA CDBM CPH 
1 ERORM £RORP. W/.) 
PRINT 3780,1 J,OMEGAIJ).CDBMIJ).CPHU).ERORM( J) ,ERORP(J) ,W(J),J = 1 

1 .NOMEGA) 
3780 F0RMATI/I4,1P6E15.5) 

|P|CEM.;p .;uTTrH 613781.9000 . - _ 
3781 PRINT 3782 
3782 F0RMAT(y28H J.AMJJAS._AR£._T.H£_-EflLLflWING.L.. _ 

PRINT 3766,IAMDAIJ).J=1>N0LAM0) 
PRINT 37.84. 

3784 F0RMAT(/27H SI 0).SI 1),SI 2).ETC. ARE) 
PRINT 'J766.S7FRn.lSI.II.J = l.N) • 
PRINT 3786 

3786 FORMAT I/27H J.1_IJ_..T:JJ2J-..IJ_3J.,£XC... AREl . 
PRINT 3766.ITU).J=1.N) 
PRINT 378B -
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3788 F0RMATI/27H U11),UI 2),UI 3),ETC. ARE) 
PRINT .3.Iit6_,J_U_LJ.UJ-=l,JJQU.SJ 

3792 F0RMATI/1P8F15.5/) 
C 
C TEST FOR CONVERGENCE 
C 
9000 IF(MAXPT1-MAXPT219100,9050,9100 
9050 TEST = ABS.F_IEEM.AGXT£RMAa2J 

IFITEST-CONV;19051,9051,9100 
9051 IF I MAXPT.5-MAXPT4 191 on. 9057.9100 
9052 TEST=ABSFIERFAZ1-ERFAZ2) 

IFirEST-CONV2)901.0,.9010,9100 
9100 MAXPT1=MAXPT2 

MAXPT3=MAXPT4 
ERMAG1=ERMAG2 
ERFAZ1=ERFAZ2 
ITER=ITER+1 
GO TO 7 

C 

C WRITE 0UTP_UJ___TAP£._6 . 
C 
9010 WRITE OUTPUT TAPE 6.375S.lONO.1TFR 

WRITE OUTPUT TAPE 6,3760,ERMAG2,MAXPT2,ERFAZ2,MAXPT4 

WRITE 0UT.PJJT___T.AP.£.6._37_6.5 

WRITE OUTPUT TAPE 6,3766,PZERO,IPI I I,I =1,N1 
WRITE 0UTP.UT___TAP£__6J.3_77_C. 

WRITE OUTPUT TAPE 6,3766,QZERO,(Q(I),I = l.N) 
WRITE OUTPUT TAPE 6. ̂ 775 

WRITE OUTPUT TAPE 6.3780.(J.OMEGA(J),CDBM(J).CPH(J).ERORMI J).ERORP 
1 I J ) , W I J ) , J = ]_iN0.H£GAJ 

9999 GO TO lOOC 

END I 0 , 1 , Oj.O_iilJ_ 
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c 
c 
C 

MATINV 

MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS 

SUBROUTINE MATINVI A,N,B,M.OETERM1 

DIMENSION IPIV0T(25), AI25,25I, BI25,1), INOEXI25,2), PIV0Tt25l 
COMMON PIVOT, INDEX, IPIVOT 
EQUIVALENCE IIROW.JROW), IICOLUM,JCOLUM), lAMAX, T, SWAP) 

ANF40201 
_£!l.02QOa2 
F4020003 
F4n?nnn4 

INITIALIZATION 

10 DETERM=1.0 
15 DO 20 J=1.N 
20 IPIVOTIJ)=0 
30 DO 550 I=1.N 

F4020005 
._F.4O2O0O6 
F4020007 

..f.40.2.Q0.0a 
F4020009 
F40?0010 

SEARCH.EOA.PIVOT E L F M F N T 

F4020011 
._f_4Il2.00.12 
F4020013 

..F.402fl0.l_4 
F4020015 
F4n?0016 

40 AMAX=0.0 
45 DO 105 J=1,N 
50 IF (IPIVOTIJ)-l) 60, JQ5, 60 
60 DO 100 K=l,N 
.70 IF llPIVOTIKl-l) SO. 100. 740 
80 IF I ABSFIAMAX)-ABSFIA(J,K)) ) 85, 100, 100 
85 IROW = J 
90 ICOLUM=K 
95 AMAX = AIJ..KJL 
100 CONTINUE 
mS. CONTINUE 

F4020017 
F4020018 
Fltoib'oiV 
F4C200.20 
F462b62"l 
F4020022 
FU020023 
_f_4 02052'* 
F4020025 

__Fil02aO26. 
F4020027 
F4n?00?R 

110 

130 
140 

I PIVOT IICOLUM 1=1 PIVOT IIC0LUM)+1 

INTERCHANGE ROWS' TO PUT" PYVOT" ELEMENT ON DVAGONAL^ 

I> I IROW-l"cOL"uM"i"i'46r i26b"r 140 
DETERM=-DETERW 

F4C20029 
F4020030 
Fio'foo'si 
F4020g32 
F4"626033 
F4020034 

150 DO 200 L=l,N 
.160 SWARrAXI ROW, L.l 
170 AIIROW,L)=AIICOLUM.L) 
200 A(ICOLUM,l.X=S.WAR 
205 IFIM) 260, 260. 210 
..2X0 on 25(1 L = l, t^ 

F4020035 

__E_'lD_2i0.36_ 
F4020037 

_£4_Q20_Q3_8. 
F4020039 

F4n?ooun 
220 
230 
250 
-260 
270 
Jlfl 
320 

SWAP=BIIR0W,L) 
BXJROWrLl.= BXICOLUM,XX 
B(ICOLUM,L)=SWAP 
IJ^DEX(JtU_=_IJ?DW 
INOEXII,2)=IC0LUM 
p i V O T I I l = t t l i r . n i MM.ICOLUM) 

F4020041 
..J=.4C2D_Q_4.2 
F4020043 

_JEk02XiO_4k 
F4020045 
F4n?&n4A 

DETERM=OETERM*PIVOTII ) 

DIVIDE PIVOT ROW BY PIVOT ELEMENT 

330 
.̂ 40 
350 
355 
360 
370 

AlICOLUM,IC0LUM)=1.0 
nn <sn i=l.N 
A(ICOLUM,L)=A(ICOLUM,L)/PIVOT(I) 
lElM) 380, .380...3.6a 
00 370 L=1,M 
B.(ICOLUM..L)=.B(XCIILUW.Xi/P_i«aXIXJ-. 

pcniirF MnN-plvoT ROWS 

F4020047 
._E_4a2Ji04a 
F4020049 

..F_4C2.Q0.5fl 
F4020051 
F40?ons? 
F4020053 

_J:!(.C2Qfl54_ 
F4020055 

._E.4a2il0.5& 
F4C20057 
F''C20058 

380 
390 
400 

00 550 Ll=X.n 
IF(Ll-ICOLUM) 400. 550. 400 
T = A(Llĵ I_CaUJM.l 

F4020059 
_£!t_Q20_Q6.Q. 

F4020061 

._E.'lC2nD_62 
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420 AILl,ICOLUM)=0.0 F4020063 
430 DO 450.X.= U N F.l»a20Dji_4 
450 AILl,L)=A(LI.L)-AIICOLUM,LI*T F4020065 
455 iFiMi s s n . •^.sn. uisn Fun^nn/,,', 
460 00 500 L=1,M F4020067 
500 B (L1 ,.L ) =..BXL.l,_LlT.BXl_CD_LiiM ,LJ_*X £4j:20n6a 
550 CONTINUE F4020069 

c . F.wzoaiJ}. 
C INTERCHANGE COLUMNS F4020071 
C F4n?on7? 

600 DO 710 1=1,N F4020073 
...61.0 L = N + 1-I __.__£4020Q74 

620 IF (INDEXIL.l)-INDEXIL.2l) 630. 710, 630 F4C20075 
_._6.3Q. JROW=INDEX(L, IX .— f.4J320a7.6 

640 JC0LUM=INDEXIL,2) F4020077 
6sn nn 7ns K.= 1X.N. F4n7nn7R 
660 SWAP=AIK,JROW) F4020079 

_ .67Q_A(K,.J.R0Wl.r.AXK.J.C_QL.U_M_J £4132058-0 
700 A(K,JC0LUM)=SWAP F4020081 

— 705 CONTI-NUE £4Ji20n32 
710 CONTINUE F4020083 
740 RETXIJiH. F4n?nnR4 
750 END (2,2,2,2,0) F4020085 
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V I I . S A M P L E P R O B L E M 

SAMPLE PROBLEM INPUT DATA 

-2J» 7 i . n +06 1.0 .̂ ni<| 
" t .2 - 0 2 3.5 8 .2 
5»6 _Ta2.-2..4 ^,^7 
7.5 -02 3.3 2.9 
UO- --ay.z.a -6...2 
1.3 - 0 1 2 .8 - 5 . 1 
X J - 0 1 1.4 - 2 . 6 4 *^>^ 
2.U - 0 1 3.0 - 0 1 - 2 . 5 7 +01 
3.^2- - - f l 1 - 2 . 3 - l * 7 . t +J3X. 
«k.2 - 0 1 - 2 . 1 - 1 . 7 7 +01 
i . .6 --0.1-3.1 -2.ML +a i 
7 .5 - 0 1 - 6 . 2 - 9 . 7 
i » U -_5-^ii +9 .2 
1.3 - 4 . 5 1.34 +01 
l . f i r 4 » a 2.-63. -+-0-1-
2 .U - 3 . 4 3 .63 +01 
i . 2 - U S - & . .a i -+0.1. 
<».2 1.2 5.28 +01 
i^j6 !t»il 5 .22 +01 
7 .6 8 .0 4 .18 +01 
U a +X1X.-9.-8 J-.26- +.QX. 
1.32 +01 7 .7 - 6 . 1 
X.8k _+.0X_.6«̂ a . r l . J 9 . .+.D.I.. 
2 . 3 6 +01 6 .2 - 1 . 4 1 +01 
3 .19 +01 .5.6 - 1 - 7 6 +01 
1.0 1.0 - 0 9 1.0 -03 1.0 -03 



1520/RE277 COMPLEX CURVE FITTING ROUTINE 

ITERATION 1 

ERMAG = 5.^4429 OCCURED AT J = 16 

NUMERATOR COEFFICIENTS PI 0 I .P(1).PI 21.ETC. ARE 

9.28940E-01 1.71233E-01 1.12538E-01 

DENOMINATOR COEFFICIENTS 0 I 0).0 I 1 I .0(2).ETC. ARE 

PROBLFM M I I M B F R 

J 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

l.OOOOOE 00 

2.29472E-08 

OMEGA 

4.20000E-02 

5.6n000E-02 

7.50000E-02 

lO.OOOOOE-02 

1.30noOE-01 

i.snoooE-oi 

2.40000E-01 

3.20OO0E-O1 

4.20000E-01 

5.60000E-01 

7.5nooaE-oi 

l.nnonoE oo 

1.30000E 00 

1.8nO00E 00 

2.40a00E 00 

3.20000E 00 

4.20000E 00 

2 . 1 1 0 7 7 E - 0 1 

CDBM 

-6.40846E-01 

-6.41309E-01 

-6.42151E-01 

-6.43631E-01 

-6.45967E-01 

-6.51225E-01 

-6.59803E-01 

-6.75141E-01 

-7.00729E-01 

-7.490iaE-01 

-e.39528E-01 

-1.00826E 00 

-1.30197E 00 

-2.11175E 00 

-4.04199E 00 

-7.74429E 00 

6.34644E-01 

8.75386E-02 

CPH 

-6.43639E-02 

-8.58218E-02 

-1.14946E-01 

-1.53Z77E-01 

-1.99293E-01 

-2.76042E-01 

-3.68263E-01 

-4.91495E-01 

-6.46059E-01 

-8.63538E-01 

-1.16035E 00 

-1.54967E 00 

-1.99270E 00 

-2.43025E 00 

-2.39B34E-01 

3.85393E 01 

6.67386E 01 

ERPASE = 360.06562 OCCURED AT J = 20 

1.03626E-02 1.50443E-03 8.87465E-06 4.71453E-06 

5.62947E-03 1.00421E-03 1.16778E-05 2.52117E-06 

ERORM 

4.14085E 00 

3.04131E 00 

3.94215E 00 

2.64363E 00 

3.44597F 00 

2.05123F 00 

9.59803E-01 

1.62486F 00 

1.39927E 00 

2.35098E 00 

5.36047E 00 

4.59174F 00 

3.19803E 00 

2.58825E 00 

6.41991E-01 

6.44429E 00 

6.65356E-01 

ERORP 

8.26436E 00 

3.78582F 00 

3.01495F 00 

5.04672E 00 

4.90071F 00 

2.61240E 01 

2.53317E 01 

1.69085F 01 

1.70539F 01 

2.07365E 01 

8.53965E 00 

l.n7497F 01 

1.53927E 01 

2.87302F 01 

3.65398F 01 

2.97607E 01 

1.30386F 01 

W 

1.00023E 00 

1.00041E 00 

l.non73F 00 

1.00131E 00 

i.no2?]F 00 

1.00424F 00 

1.00755E 00 

1.01347F 00 

1.02333F 00 

1.04190E 00 

1.076S9F 00 

1.14073F 00 

1.75058E 00 

1.54ln2E 00 

2.15490E 00 

3.47992E 00 

3.39305F 00 



18 5.60' OOE 00 

19 7.601 OOE 00 

20 1.00 OOE 01 

21 1.32'iOOE 01 

22 1.84 OOE 01 

4.23933E 00 

7.65440E 00 

9.60360E 00 

5.17112E 01 

4.26550E 01 

-3.47466E 02 

7.76976E 00 -6.47094E 00 

6.79505E 00 -1.39535E 01 

1.60665E-01 4.B8809F-01 1.31191? 00 

3.45597E-01 8.54994E-01 5.59958E-01 

1.95395E-01 3.6n056E 02 1.48971E-01 

6.97637E-02 3.70937E-01 1.70708E-02 

4.95142E-03 5.35231E-02 1.52538F-03 

23 2.35000E 01 

24 3.19000E 01 

6.19953E 00 

5.60001E 00 

-1.40971E 01 

-1.76000E 01 

4.65751E-04 

6.97374E-06 

2.91491E-03 

2.78950E-05 

2.81940E-05 

3.10352F-07 



1520/RE277 COMPLEX CURVE FITTING ROUTINE 

ITERATION 10 

ERMAG = 2.38ZU8 OCCURED AT J = 8 

NUMERATOR COEFFICIENTS PI 0 ) ,P(1),PI 2),ETC. ARE 

1.27675E 00 1.28033E 00 7.e2329E-01 

DENOMINATOR COEFFICIENTS 010),Q(1),C(2),ETC. ARE 

l.OOOOOE 00 Z.53138E 00 14.26968E-01 

PROBLEM NUMBER 

ERPASE = 18.77125 OCCURED AT J = 12 

7.91805E-02 8.08841E-03 2.a9473E-04 2.01356E-05 

5.46436E-02 4.536406-03 1.98396E-04 1.144646-05 

J 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1.05189E-')7 

OMEGA 

4.20000E-t2 

5.60000E-02 

7.50000E-02 

lO.OOOOCE-C2 

1.30000E-01 

1.80000E-01 

2.4O0D0E-C1 

3.20000E-01 

4.2C000E-01 

5.60000E-01 

7.500'IOE-Ol 

l.OOOOOE 00 

1.30000E PO 

1.80000E CC 

2.40000E 00 

3.2D000E 00 

4.20000E 00 

COBM 

2.0781CE 

2.C4415E 

1.98319E 

1.87797E 

1.7I676E 

1.37398E 

8.66108E-

8.24834E-

-9.73S49E-

-2.43625E 

-11.18381E 

-5.81407E 

-6.58eOOE 

-5.77078E 

-3.72762E 

-1.ir640E 

1.42988E 

00 

00 

GO 

00 

00 

00 

-01 

-02 

-01 

00 

00 

00 

00 

00 

00 

00 

00 

CPH 

-3.65899E 

-4.85873E 

-6.45939E 

-8.50277E 

-1.08361E 

-1.43692E 

-1.792U4E 

-2.11tl55E 

-2.384186 

-2.41286E 

-2.00665E 

-9.57125E 

6.10798E 

2.788666 

4.217726 

5.03271E 

5.347456 

00 

00 

00 

00 

01 

01 

01 

01 

01 

01 

01 

00 

00 

01 

01 

01 

01 

6R0Rf( 

1.421906 00 

3.558496-01 

1.316816 00 

1.220326-01 

1.083246 00 

2.601636-02 

5.661086-01 

2.38248E 00 

1.126956 00 

6.637536-01 

2.016196 00 

2.140686-01 

2.08800E 00 

9.70T796-01 

3.276236-01 

1.235996-01 

2.298826-01 

ERORP 

1.1B5906 

8.558736 

9.35939E 

2.30277E 

5.73608E 

1.20308E 

7.77558E 

4.015536 

6.141796 

2.528636 

1.036656 

1.877136 

7.29202E 

1.586646 

5.877236 

1.797296 

6.74522E-

01 

00 

00 

00 

00 

01 

00 

00 

00 

00 

01 

01 

00 

00 

00 

01 

-01 

W 

9.902986-01 

9.828826-01 

9,«9708E-01 

9.472906-01 

9.142136-01 

8.47559E-01 

7.57791E-01 

6.378246-01 

5.058016-01 

3.658536-01 

2.440736-01 

1.545896-01 

9.858876-02 

5.523736-02 

3.312566-02 

2.036036-02 

1.357746-02 



IB 

19 

20 

21 

22 

5 .6000 ' 

7.60001 

1.00001 

1.3200' 

1.840^1 

-, 

c 

E 

c. 

E 

0 0 

'!') 
01 

31 

f 1 

4 .44769E 

e.no98E 

9.86425E 

7 .65339E 

6.8015aE 

Ot 

00 

00 

00 

00 

5.22161E 

4.10505E 

1.30109E 

- 5 . 9 8 6 8 9 E 

-1 .39296E 

01 

01 

01 

00 

01 

4 .76949E-02 

1 .10976E-01 

6 .424776 -02 

4 . 6 6 1 3 3 6 - 0 2 

1.5804BE-03 

1 .605426-02 

7 .49498E-01 

4 .10889E-01 

1 .13110E-01 

2 .95832E-02 

9 . 9 4 5 4 5 6 - 0 3 

.8 .679576-03 

5 . 825776 -03 

2 . 3 9 0 0 6 6 - 0 3 

1 .419816-04 

23 2.3600! E 01 

24 3.1900 6 CI 

6.105196 00 

5.755826 00 

-1.39577E 01 

-1.76388E 01 

9.480806-02 

1.558176-01 

1.42254E-01 

3.875336-02 

1.274206-06 

1.598496-08 
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